This paper proposes an alternative data envelopment analysis for assessing the operational performance of 46 international tourist hotels (ITHs) in Taiwan over the period [1997][1998][1999][2000][2001][2002]. This study is the first research that combines the discriminant power of a slack-based measure and the dynamic view of window analysis in applying DEA. It is shown that the trend of mean managerial efficiency is increasing, whereas the variation converges. Most ITHs operate at decreasing returns to scale, indicating that ITHs are facing a highly competitive environment. Taiwan's 921 earthquake in 1999, the 911 incident in 2001, and the compulsory government subsidies all play key roles which affect the ITHs' managerial performance for different operating characteristics in the short term. Results also indicate that differences in management style do have a very significant influence upon ITHs' performance over time (1997)(1998)(1999)(2000)(2001)(2002). Finally, the efficiency/profitability matrix of ITHs is further examined.
Introduction
The purpose of this paper is to examine the managerial performance of Taiwan's international tourist hotels (ITHs) for the period 1997-2002, using a two-stage procedure. In the first-stage analysis, the slack-based measure (SBM) model [29] and the window analysis [11] are combined in order to sharpen the efficiency estimates over the period (1997) (1998) (1999) (2000) (2001) (2002) ) with multiple operating data in both inputs and outputs. In the second stage, a Tobit regression analysis is employed to analyze the operating characteristics for exploring the variation of managerial performance among ITHs. The results of this study can assist an ITH manager to improve the operational management of ITHs.
Taiwan's ITH industry is experiencing competitive pressure due to the rapid growth of new ITHs, a decreasing number of tourists, deteriorating economic conditions, and inefficient management. Inefficient management is the factor that top management can pay attention to. In other words, the total number of Taiwan's ITHs has increased from 44 in 1985 to 62 in 2004, whereas the total number of ordinary tourist hotels has decreased from 79 in 1985 to 25 Most prior research studies about ITHs were conducted in developed countries, while few were performed in emerging countries. Among these small numbers of studies, cross sectional data are used to investigate the performance of ITHs. However, an analysis based on longitudinal data can better understand the performance trend and stability. Key ITH operating characteristics, such as location, management styles, etc., are needed to be figured out, and then insights that cause imperfectly competitive conditions for some ITHs can be understood. We conduct herein an examination of the impacts of these operating characteristics on ITHs' performances and which would add great value for the local ITH industry.
This paper is organized as follows. Related prior studies which have influenced this study are discussed in section 2. The design of the efficiency models and an introduction of the methodology are addressed in Section 3. The test results and interpretations are provided in section 4. Finally, section 5 concludes with the finding of this study.
Literature Review
Much of the research on the hotel industry often uses performance indicators. These studies mostly focus on single indicators such as cost-volume-profit, sales receipt information, the concept of perishable asset revenue management to measure performance (PARM), lodging index, and RevPar, etc. ( [19] , [22] , [17] , [30] , [23] , [31] , [32] , [6] , [18] ). Although these accounting and financial indicators in terms of simple ratios provide important and useful information for benchmarking a hotel's financial performance, a hotel's performance is a complex phenomenon requiring more than any single criterion to characterize it. Consequently, a number of studies have argued that a multi-factor performance measurement model may be used ( [1] , [5] , [13] ). To overcome the drawback of accounting and ratio measures mentioned above, data envelopment analysis (DEA) has been used as a metric for measuring hotel performance over the last decade. We now summarize the six main studies that have used DEA to investigate the relative efficiency of hotels.
Morey and Dittman [24] implemented DEA to measure the general-manager performances of 54 owner-managed hotels of a nationally known chain, geographically dispersed over the continental United States. This study describes that the average efficiency score of the general-managers is 0.89; the lowest efficiency is 0.64; and it provides the owners of single properties with the ability to benchmark a manager's performance. A stochastic frontier approach [2] is used to evaluate the managerial efficiency of 48 hotels using 1994 operating data. These hotels represent a broad cross section of hotels from various regions of the United States. The result reveals the hotel industry operating at an 89.4% efficiency score, whereas the highest and lowest hotel efficiency scores are 92.1% and 84.3%, respectively. Their study also provides evidence that the market for lodging services seems to be operating efficiently.
Anderson et al. [1] re-evaluated the managerial efficiency of 48 firms using the data in Anderson et al. [2] . The study reports that the hotel industry is inefficient with a mean overall efficiency measure of approximately 42%. These findings contradict previous studies, which find the hotel industry to be nearly perfectly competitive and efficient. The major reason that their results are different is that they use a more comprehensive efficiency measure and are able to capture more inefficiency. Tsaur [34] used DEA to measure the operating efficiency of 53 international tourist hotels in Taiwan using 1996-1998 operating data. The study reports that the mean hotel efficiency score operates at 87.33%. Among these 53 hotels, 28.3% of them were operating on the efficient frontier. Thus, the market for lodging services seems to be operating efficiently in Taiwan.
Hwang and Chang [20] utilized DEA and the Malmquist productivity index to measure the managerial performance of 45 Taiwanese hotels in 1998 and the efficiency change of them from 1994 to 1998. Results indicate that the entire industry can be partitioned into six clusters based on relative managerial efficiency and efficiency change. Effective management strategies are developed specifically to each of the six clusters of hotels. Chiang et al. [16] used DEA to measure 25 Taipei ITHs' performances under three operational styles of ITHs using 2000 operating data. The finding shows that not all of Taipei's franchised or managed ITHs performed more efficient than the independent ones. Table 1 presents the characteristics of the six main studies using DEA. Although the hotel efficiency has been widely discussed in the previous literature and the DEA technique is frequently used to explore this topic, there are still some important points not touched. First, most DEA analysis are cross sectional, comparing the performance of decision making units (DMUs) in the same time period. One window analysis approach performing the longitudinal design is used to compare cross-sectional runs across the number of time periods (1997) (1998) (1999) (2000) (2001) (2002) in the present study. This approach introduces variability into the analysis because it treats the performance of DMU in each time period as independent from performance in the previous period. Such an approach would allow a dynamic view of the multidimensional performance of ITHs. Second, in the DEA literature, a DEA window analysis [11] based upon radial DEA efficiency scores is developed to observe performance trends of DMUs over time. In DEA, non-zero input and output slacks are very likely to present after the radial efficiency score improvement. Often, these non-zero slack values represent a substantial amount of inefficiency. Therefore, in order to fully measure the inefficiency in DMU's performance, it is very important to also consider the inefficiency represented by the non-zero slacks in the DEA window analysis. This study proposes a slack-based DEA window analysis which allows a full evaluation of inefficiency in a DMUs performance. By using slack-based efficiency measure, we obtain more appropriate performance trends for inefficient DMUs.
Third, the various ITHs/DMUs characteristics are evaluated to determine their relationships to the ITH industry efficiency. The key ITH operating characteristics (i.e., international chain or independent-owned, metropolitan areas or resort areas, closeness to CKS international airport or not) are needed to be figured out, and then insights that cause imperfectly competitive conditions for some ITHs. The results will also aid operations managers in improving their ITHs by benchmarking their ITHs against similar ITHs.
Research Design 3.1. Performance model
The ITH industry provides guests with services such as accommodation, catering, entertainment, convention venues, social activities, and shopping. From a system perspective, organizational activities refer to the conversion of inputs in various resources to output. Output is a concrete measurement that an organization has reached its objectives. In this study the production approach is used to design the performance model -namely, managerial performance. The performance model measures the managerial performance of ITHs in using four inputs to produce five outputs. The choice of input and output variables used in the performance model can be traced to the literature (see Table 1 .) and hotel operating reports published by Taiwan Tourism Bureau (TTB). For example, total area of the catering department appears as a measured input in Tsaur [34] , and Hwang and Chang [20] . Similarly, average production value of per employee in the catering division appears as a measured output in Tsaur [34] . The input and output factors used in this study are defined as follows:
Input factors: • Total operating expenses: theitems of operation expenses of international tourist hotels, as a whole, include salary and related expenses, catering costs, water and electricity fuel expenses, depreciation expenses, maintenance and repair costs, rent and so forth, measured in units of thousand NT$.
• Number of employees: refers to the number of individual employees that are involved in the operation of ITHs, including medium-and high-ranking executives, guest rooms and catering staff, cooks, maintenance crews, and repairmen.
• Number of guest rooms: refers to the amount of guest rooms that can be provided for rent by an ITH. Accordingly, the unit of measurement is simply "room", without subsequent adjustment being made for size or quality.
• Total area of catering division: refers to the total floor space used by the operational units of all the ITH's catering facilities, measured in square meters. Output factors: • Total operating revenues: the operational revenue of ITHs includes the income from guest rooms, catering services, laundry, stores, attached operating income, and service fees, measured in units of thousand NT$.
• Average occupancy rate: refers to the ratio between the actual number of guestrooms let and those available to be let.
• Average room rate: refers to the ratio between the income from guest rooms and the actual number of guest rooms, measured in "NT$/room." • Average production value per employee in the catering division: refers to the ratio between total revenues from the catering division and the number of employees in the catering division, measured in "NT$/individual." • Average production value of the catering division (per 36 square feet): refers to the ratio between total revenues from the catering division and the total floor space of catering division, measured in "NT$/ (per 36 square meters). Table 2 presents descriptive statistics for our dataset. Input and output data are reported as the total number throughout the year and can be found in The Operating Report of International Tourist Hotel in Taiwan published by the TTB [33] . These reports are commonly deemed valid and reliable and are available to the public. Table 3 shows the correlation matrix of inputs x i and outputs y r . Notice that all the correlation coefficients are positive. Therefore, these inputs and outputs hold 'isotonicity' relations, and thus these variables are justified to be included in the model. Cooper et al. [14] suggested that the number of ITHs should be at least triple the number of inputs and outputs considered. In this study the number of ITHs is 138 (46x3) in every window, which is larger than triple the number of inputs (4)/outputs (5), or 138 > 3(4 + 5) = 27. Consequently, the developed DEA model of this study holds a high construct validity.
Methodology
The SBM model, DEA window analysis, and Tobit regression analysis are employed in this study. SBM model is used to assess the performance of ITHs and simultaneously deal with input excesses and output shortfalls of the ITHs concerned. Window analysis is used to compare cross-section runs across the number of time periods in the study. Tobit regression analysis is utilized to examine the effects of different operating characteristics on the ITHs' performances. An introduction to the methodology used in this study follows. 3.3.1. SBM model As described in Cooper et al. [15] , there are a variety of DEA models to choose from. DEA models can be divided into radial models (e.g. the CCR by Charnes et al. [12] , the BCC by Banker et al. [4] ) and non-radial models (e.g. the Russell measure by Russell [25] , the range-adjusted measure by Aida et al. [3] , SBM by Tone [29] ). For our analysis, we choose the SBM model as the appropriate version of DEA for this study. The SBM model has many desirable features which may explain why we are interested in using it to investigate the efficiency of converting multiple inputs into multiple outputs. These characteristics include: (1) this scalar measure deals directly with the input excesses and the output shortfalls of the ITHs concerned; (2) it is unit invariant and monotonically decreasing with respect to input excess and output shortfall; (3) this measure is determined only by consulting the referenceset of the ITHs and is not affected by statistics over the whole dataset. The output-oriented SBM model with variable returns to scale evaluates the efficiency of IT H o (x io , y ro ) by solving the following linear program:
Here, n is the number of ITHs, x ij and y rj are the levels of the ith input and rth output respectively at the jth ITH, and λ j is the weight of the jth ITH. The IT H o (x io , y ro ) is the ITH being evaluated. An ITH is called 'SBM efficient' if and only if η * o = 1. The value of λ j indicates whether the jth ITH serves as an exemplar for IT H o to follow. For instance, if λ j = 0.4, then it denotes that IT H o should learn 40% from the jth ITH and be placed on the target efficient output and input levels. However, if λ j = 0, then the jth ITH is not an exemplar to IT H o . Furthermore, according to the recent result of Banker and Thrall [7] , this study easily estimates the returns to scale (RTS). If increasing returns to scale (IRS), then the IT H o should expand. On the other hand, if decreasing returns to scale (DRS), then the IT H o would benefit by downsizing.
Window analysis
In order to observe the performance trends of an ITH over the six-year period, a DEA window analysis based on the principle of moving averages is performed. In essence, each moving average is covered by a sliding window. An ITH performance in a particular period is contrasted with its own performance in other periods as well as to the performance of other ITHs. Charnes, et al. [11] illustrated the best procedure of window analysis in their work. The data used in this study are obtained for 46 (n = 46) ITHs/DMUs over six (p = 6) yearly periods. To perform the analysis using a three-year (w=3) window, we proceed as follows.
Each ITH is represented as if it is a different ITH for each of the three successive years in the first window (1997, 1998, and 1999) , and an analysis of the 138 (nw = 46× 3) ITHs is performed by using SBM models to obtain sharper and more realistic efficiency estimates. The window is then shifted one period, and an analysis is performed on the second three-year set (1998, 1999 , and 2000) of the 138 ITHs. The process continues in this manner, shifting the window forward one period each time and concluding with a final (fourth) analysis of 138 ITHs for the last three years (2000, 2001 , and 2002). In general, one performs p − w + 1 separate analyses, where each analysis examines n × w ITHs.
Tobit regression model
Although the efficiency scores obtained from solving linear programming problems for the SBM models represent the ability of management to convert inputs into outputs at the current scale of operation, it is possible that some differences in operating characteristics may affect the ITHs' performance. Therefore, it is important for this study to determine which ITH characteristics have an influence upon variations in managerial efficiency across ITHs. Tobit regression analysis is employed to estimate the relationship between managerial efficiency scores and ITHs' operating characteristics unrelated to the inputs used in the SBM model. Specifically, the following model is estimated:
where T E mean is a vector n × 1 of mean managerial efficiency for all n ITHs; the scalar α and the (d × 1) vector β are unknown parameters to be estimated; Z is an (n × d) matrix of operating characteristics, and is an (n × 1) vector of residuals. Past approaches that have employed DEA to measure managerial efficiency followed up by regression techniques to assign variation in efficiency include Berger et al. [8] , Carrington et al. [10] and Sun [28] . We identify three key characteristics that may affect the ITHs' performances. One can use a dummy variable to indicate different management styles: 1 for international chain and 0 for independent-owned. Likewise, a dummy variable is used to specify the location of an ITH: 1 for metropolitan and 0 for those located in a resort area. Another dummy variable is used to specify accessibility to CKS international airport (1 hour driving), where a value 1 indicates an ITH is located near it and 0 if it is not located near it.
Results and Discussion
This section reports the results obtained using the methods outlined in Section 3. First, the composition of the efficient frontier, the RTS, and the number of references to this ITH as a peer in each window are given in section 4.1, and this is followed by the managerial efficiency of ITHs in Section 4.2. This part analyzes trends and potential stability of managerial efficiency over the six-year period. Section 4.3 sheds light on the characteristics contributing to managerial efficiency, and Tobit regression analysis is used to determine which characteristics may influence the variations of managerial efficiency across ITHs. Moreover, the efficiency/profitability matrix of ITHs is further examined in Section 4.4. The distribution of RTS in Appendix B shows that 1% of the ITHs are operating at increasing returns to scale (IRS), 24% of ITHs are operating at constant returns to scale (CRS), and the remaining 75% of ITHs are at decreasing returns to scale (DRS). This result also reveals that ITHs are facing a highly competitive environment in Taiwan. Of particular interest here is to find out the best ITH which can serve as the benchmark of these efficient ITHs. A counting method counts the number of times an efficient ITH appears in the peer group of the inefficient ones. For instance, H30 has a count of 21 in the last column of Appendix B (Refs). An efficient ITH with a high count may be considered to be a genuinely efficient ITH ( [11] , [27] , [26] ). On the basis of market segmentation and geographical location variation [21] , the benchmarks of metropolitan ITHs and resort ITHs are examined separately. Appendix B shows that among the 37 metropolitan ITHs in Taiwan, the Sherwood Hotel Taipei (H22) is the efficient ITH that is referred to the most by others. The Hotel Landis China Yangmingshan (H39) is the efficient ITH that is referred to the most by others among the 9 resort ITHs. In other words, the Sherwood Hotel Taipei and Hotel Landis China Yangmingshan are benchmarks for metropolitan ITHs and resort ITHs, respectively. Figure 1 shows the mean managerial efficiencies and corresponding standard deviations for ITHs. Notice that the trend of mean managerial efficiency is increasing whereas the variation converges. These results indicate that the overall managerial performance of the ITHs improved over the period.
Efficient frontier, returns to scale, and benchmark

Managerial performance
To help interpret the result we note that the "Row Average" and "Std. Dev." (Appendix B) are other useful ways of analyzing the trends and potential stability problems in terms of managerial efficiency among ITHs. Totally, Appendix B shows that 11 out of the 46 ITHs exhibit improving behavior and the same improvement continues to be manifested with different datasets. These include H03, H05, H07, H08, H09, H13, H15, H23, H33, H35, and H41. Four out of the 46 ITHs exhibit deteriorating behavior and the same deterioration continues to be manifested with different datasets. These include H20, H25, H28, and H38. However, H03, H07, H09, H13, H25 H35, and H38 have a higher variance. Such an outcome may be due to the unusually low or high managerial efficiency. These ITHs desire further examination in a future study. The mean window analysis score is 0.73, indicating the fact that the market for lodging services is not operating efficiently in Taiwan. According to Appendix B, 11 out of the 46 ITHs are found to have managerial efficiencies over 0.9%. This means that each of these eleven ITHs are more efficient than the remaining 35 ITHs. From Appendix B, one might find that high efficiency is associated with a low standard deviation. Among the eleven ITHs, six ITHs having an average efficiency score over 0.98 indicate that these ITHs were operating efficiently and stably over the six-year period. These ITHs are H06, H20, H22, H30, H39, and H42. Among the six ITHs, H06 and H30 have the highest mean managerial efficiency and the lowest standard deviation.
To determine whether differences exist in various ITH characteristics (i.e., international chain or independent-owned, metropolitan area or resort area, closeness to CKS international airport or not) for managerial efficiency, a non-parametric statistical analysis (MannWhitney test) is used [9] for unknown distribution scores. Bold-faced figures in Table 4 indicate statistical significance. Notice that there is a consistent significant, statistical difference on managerial efficiency between independent-owned and international chain ITHs. Moreover, the international chains consistently outperform the locals (Figure 2 ). This might be due to them having a better reputation, a brand image, internet marketing, an efficient reservation system, and economies of scale. Figure 3 shows the major dip of the 921 earthquake (year 1999) to resort-type ITHs. These ITHs have regained their advantage since the year 2001 mainly due to government subsidies to government employees. Government subsidies provide support to government employees for domestic tours up to seven days with a ceiling of NT$16,000 annually. It is estimated that there are 570,000 government employees including military personnel. Figure  4 shows that the managerial efficiency with closeness of ITHs to CKS international airport is steady until the 911 incident in 2001 triggered a dip for the next two years. Notice also that due to the occurrence of the 921 earthquake in 1999 in Taiwan more foreigners come to Taiwan for business instead of leisure. The compulsory government subsidies also showed that they helped those ITHs far from CKS international airport. 
Characteristics affecting hotel managerial performance
To determine whether operating characteristics affect the managerial performance of the ITHs, the obtained mean managerial efficiencies are regressed against the management style, location, and closeness to CKS international airport. The tobit regression results in Table 5 explain about 24.765% of the variation in managerial efficiency and the coefficient of management style is significant at the 5% level. The significance of management style confirms our prior finding based on the Mann-Whitney test. Consequently, we conclude that the managerial performance of ITHs is influenced by the management style over the period 1997-2002. 
Analysis of efficiency and profitability
To further illustrate the important relationship between efficiency and profitability, an efficiency/profitability matrix of ITHs is presented in Figure 5 . All ITHs fall into four quadrants: stars, sleepers, dogs, and question marks. Each ITH is classified into a quadrant by examining (1) whether the mean managerial efficiency is equal to or less than 0.9, (2) whether the average profitability is greater than or smaller than 0. ITHs in the star quadrant (average profitable ≥ 0 and mean managerial efficiency ≥ 0.9) are the flagship ITHs including H02, H06, H10, H17, H18, H20, H22, H23, H30, H39, and H42. These ITHs falling into the zone of starts are about 64% international chain ITHs. This shows that the international chain ITHs have better competitive power and they should provide examples of operating practice.
A v e r a g e P r o f i t a b i l i t y The sleepers are profitable, but have a managerial efficiency less than 0.9 which indicates that they still have room for improving efficiency and are likely to see better profitability. We have 22 ITHs including H05, H07, H08, H09, H11, H12, H13, H14, H15, H16, H21,  H24, H25, H28, H33, H34, H37, H38, H41, 
Concluding Remarks
Both the SBM model and window analysis have been combined in order to examine the performance of the 46 ITHs in Taiwan over the period 1997-2002. This empirical study has shown that the mean window analysis score is 0.73, indicating that the market for lodging services does not operate efficiently in Taiwan. However, the overall managerial performance has steadily improved and the variance among all the ITHs has converged over the period.
This study also has found that (1) Most ITHs are operating at decreasing returns to scale (DRS), indicating that ITHs are facing a highly competitive environment in Taiwan; (2) the "count" method points out that the Sherwood Hotel Taipei and Hotel Landis China Yangmingshan are benchmarks for those in metropolitan and resort areas, respectively; (3) international chain ITHs have more robust competitive power, because they have a better reputation, brand image, internet marketing, an efficient reservation system, and economics of scale; (4) A few notes of caution are in order here. Our study is in terms of highly aggregated measures of outputs and inputs. There are important qualitative dimensions of outputs that are not taken into account; for example, quality of services, costumer satisfaction, and quality of employees. It would be desirable to treat these outputs explicitly in the models used in here. Our basic methodology would still remain valid, however. This study is the first research that has combined the discriminant power of SBM and the dynamic view of window analysis in applying DEA. Moreover, this alternative DEA method has provided Taiwanese ITHs' operations with insights into resource allocation and competitive advantage and could be compared with Malmquist index technique in the future. It is also hoped that the models and methods implemented in this study can bring about other related researches to a variety of industries.
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